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Abstract 
In this study, seed layer free electrochemical plating deposition (SLF-EPD) for Ag on ALD-TiN film was 
demonstrated. By way of the surface condition modification, EPD-Ag film has good thermal stability on TiN film 
without agglomeration or micro voids were found above 550oC. Optimal wetting behavior control for Ag on TiN film 
was achieved by combined chemical and physical clean process. The critical treatment process is believed in thermal 
stability enhancement. Ultra-thin Ag film 30nm on treated TiN film has low resistivity (2.7 ȝȍcm) and high adhesion 
performance which is promising for interconnect application. The calculated MFP value of Ag film was effectively 
improved after sequential annealing process. 
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1. Introduction 
As IC dimension keep scaling, the contribution of RC delay from back-end of line (BEOL) is more 
serious than gate-induced delay. In order to minimize the RC delay generated from the BEOL, low-R 
conductive metal and lower-K dielectric film has been caused much attention in new material or new 
process development. Silver is regarded as a promising candidate of interconnect material next to Cu due 
to its lower resistivity, higher oxidation resistant than Cu and compatible EM resistance to Cu. Since Ag 
is not to be patterned by etched, it is acceptable that Ag metallization will be similar to the damascene 
process like Cu. Lots of reports[1-6] focusing on Ag thin film agglomeration on different substrates have 
been studied and considered as an issue of silver metallization. For thin film preparation, the larger the 
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grains size the thicker of the critical thickness to form a continuous film. When the grain size is larger 
than the film thickness, agglomeration is easy to happen at higher temperature anneal process. On the 
other hand, it is easy to peel for stacked films with insufficient adhesion strength during annealing 
process. In these studies, Ag films were prepared by sputtering, evaporation and the thickness is around 
100nm or larger. Due to the scaling limit of Cu barrier thickness and worse scattering effect for narrow 
Cu line, it is believed that Ag will be used when the line width scales down to 50nm or less. One of the 
reason is the studied size effect of Ag film is not so obvious like Cu [7]. That is, the thickness of studied 
Ag film should be thinner than 50nm. Unfortunately, few reports for thinner Ag film stability on desired 
substrate were published.  
For line-width less than 50nm Ag metallization has several critical processes should be developed: (1) 
a conformal seed layer (2) a barrier layer with thickness <2nm (3) void-free gap-filling process. Chemical 
vapour deposition (CVD), atomic layer deposition (ALD) and wet process (electroplating or e-less) are 
promising for barrier layer, seed layer and gap filling process. For example, CVD-TiN, ALD-TiN and 
ALD-TaN were mature and widely used in current VLSI process. Except Ag and Cu [8,9], limited 
conductive films were reported as the seed layer of Ag plating process. Plasma treatment is a useful 
process to modify the surface energy or morphology in wetting capability enhancement [10,11]. In this study, 
the Ag film was prepared by AgNO3-based plating process. Wetting capability of various Ag film 
thicknesses were checked by SEM. <10nm ALD-TiN film was used as the barrier layer. Prior to Ag 
plating, soft plasma treatment was used for surface condition tuning. For thermal stability study, stacked 
Ag/TiN/Si structure was annealed at elevated temperature for 30 min in vacuum.  
2. Experimental 
6 inch P type (100) wafer was used as substrate and 5-10nm TiN film was deposited by Atomic layer 
deposition system. For ALD-TiN process, TiCl4 and Ar were used as chemical source and carrier gas 
during process, respectively. The working pressure and temperature were 900mT and 470oC, respectively. 
The deposition rate was 0.3A for each cycle. The 6 inch wafer was cut into 1cm x 3cm for Ag plating 
experiments. In plating process pure silver bulk (99.99%) was used as anode material. Ag film was 
prepared by electrochemical deposition at room temperature and the plating solution was composed of E-
BriteTM 50/50 and E-BriteTM 50/51, which is a commercial product purchased from EPI (Electrochemical 
Product Inc.). E-BriteTM 50/50 is an alkaline, cyanide free plating solution, which can plate an industrial 
bright silver coating for electronic and industrial uses. The morphologies of plating silver films are 
examined by field emission scanning electron microscopy (FE-SEM). 4-point probe was used for film 
resistance measurement. The cross section of stacked Ag/TiN film was checked by TEM.  
3. Results and Discussion 
Figure 1 is the sheet resistance of Ag film plating on TiN substrate. The data have a strong relationship 
of reported size effect. The resistance data increase gradually as the plating time decrease. As the plating 
time is larger than 40s, the resistance data for both curves (untreated & treated) are similar. When the 
plating time is 30s, the sample of untreated has a smaller value and both curves shown higher resistance 
at shorter time. The films were incomplete with many smaller nucleuses on TiN substrate. By scanning 
electron microscopy (inset pictures), the film formation condition was observed. We found that the 
critical plating time for Ag film plated on untreated and treated TiN substrate were 30s and 40s, 
respectively. When the plating time is shorter than it, the resistance increases fast. Ag on treated sample 
has smaller grain size. A film with larger grain or nucleus is more easily to merge together in a shorter 
time. 
 Chao-An Jong et al. /  Physics Procedia  25 ( 2012 )  287 – 292 289
To optimize the film properties, the samples were annealed at 350oC for 30min in vacuum. The sheet 
resistance effectively decreased to a lower value (Fig. 2). As plating time longer than 40s, the samples 
with treatment has lower resistance data than untreated and increase abnormal as plating time is 30s. The 
increase of resistance is due to incomplete film formation. That is, the minimal time for Ag film 
formation on treated TiN is 40s. The film thickness checked by SEM was around 30nm (inset picture). 
The calculated resistivity of Ag film was around 2.7 ȝȍ-cm, which is larger than the bulk value (1.6 ȝȍ-
cm). The size effect and grain boundary scattering effect should play an important role on film resistance.  
To study the thermal stability of stacked Ag/TiN structure, the samples were annealed at elevated 
temperature 350oC, 450oC, 550oC and 600oC, respectively. The plating time of Ag films were 60s and the 
thickness is around 40nm. The micrographs of annealed samples were showed in figure 3. We found 
some micro voids appear at 350oC and got worse at 450oC for untreated sample. No void was seen in 
treated sample up to 550oC. The thermal stability of plating Ag on TiN was successfully improved by soft 
plasma treatment.  
Except the surface morphology check, the resistance of anneal sample were plotted and shown in 
figure 4. Because of the defect recovery and grain growth, the resistance slightly decreased after thermal 
anneal. An abnormal increase at 600oC for untreated sample was seen. Due to film agglomeration or void 
formation the resistance increases to several times. The cross section of stacked plating Ag/TiN/Si 
checked by TEM were demonstrated in our previous work [12]. For Ag plated on untreated TiN, the sheet 
resistance increased suddenly when the plating time less than 30s. It means that continuous film maybe 
formed with a low sheet resistance at 30s. The existence of voids will lead to the agglomeration at higher 
temperature. Compare to the plasma-treated sample, the wetting condition is better and no void was seen 
between grains. We also found that the interface between Ag and TiN was very flat and a polycrystalline 
Ag structure with different orientation was seen. There is no obvious damage layer observed between Ag 
and TiN interface. It has never been reported for directly plating Ag on TiN without catalytic process. It is 
a cost-saving and geometry-free method for seed layer preparation. It also accelerates the throughput of 
manufacturing flow without extra seed deposition.  
By using the measured resistance data of different film thickness in figure 1 and figure 2, the mean 
free path values of plating Ag film were calculated and plotted in figure 5. According to the calculated 
formula given by M. Hauder [7], the calculated MFP values of as-deposited film were 3.1nm and increased 
to 26.7nm after 350oC annealing. The data is very close to the sputtering value reported by M. Hauder 
(31nm). Plasma pre-treatment is an effective method for TiN surface modification for some metal layer 
preparation [13,14]. Free Ti species generated during the treatment could provide electron exchange when 
Ag plating. It also provides more nucleation site for Ag nucleus deposition. The Ag ion could be easily 
reduced into Ag atom and formed a continuous film. According to the binary phase diagram of Ag-Ti, the 
solubility of Ti in Ag is limited [15]. We doubt that Ti impurity in Ag film maybe another reason of high 
resistance.  
3. Conclusions 
Ag with some attractive properties is regarded as the promising candidate next to Cu. In this study, we 
successfully electroplated Ag film on TiN film without any extra catalytic pre-treatment. Soft plasma 
treatment modified the wetting capability of TiN and formed a continuous Ag film less than 40nm. The 
plasma-treated TiN has good adhesion strength with Ag when the temperature up to 600oC for 30min in 
vacuum. It demonstrates the potential for Ag application for scaling down to 50nm and below. The 
decrease of conductivity follows the law of the size effect and can be described by scattering of the 
electrons at the conductor surface, grain boundary with a mean free path of about 26.7nm, which is close 
to the sputtering film value. 
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Figure 1 Thickness dependent of Sheet resistance for as-plating EPD-Ag on (a) untreated (b) plasma-treated TiN film. 
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Figure 2 Thickness dependent of Sheet resistance for annealed EPD-Ag on (a) untreated (b) plasma-treated TiN film. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3 Micrographs of annealed EPD Ag on (top) untreated and (bottom) plasma-treated TiN film after elevated temperature 
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Figure 4 Sheet resistance of annealed EPD Ag on untreated TiN film at elevated temperature. The Ag thickness is 40nm.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5 Mean free Path calculation of EPD Ag film on plasma-treated TiN 
 
 
 
